A blood culture system was developed in which a lysing agent (either Tween 20, one of several other polyoxyethylene adducts, digitonin, or Triton X-100) is added to the blood culture medium. Of 33 Triton compounds, 9 lysed human blood, as did 7 of 21 polyoxyethylene compounds and digitonin, all at a concentration of 0.05%. Under the specific test conditions, three of the hemolytic polyoxyethylene compounds and digitonin had no inhibitory effect. All of the Triton compounds had at least some inhibitory effect on the most sensitive of the pathogenic bacteria that were tested, Streptococcus pneumoniae and Neisseria meningitidis. Because of results from previous studies, Triton X-100 was tested further, despite evidence in this study of its inhibition of bacteria. Of the 55 lysing agents tested, digitonin, Triton X-100, Brij 96, and Tween 20 were selected for further testing as additions to conventional culture broth. Comparative culture studies with bacteremic blood from infected rabbits were performed with the conventional blood culture, the Isolator system (Du Pont Co., Wilmington, Del.), and the new lysing medium. The new system has the advantages of lysis filtration and lysis centrifugation without the associated added cost and processing complexity.
A technique for lysis-filtration blood culture (3) used Triton X-100 (0.04%) as the primary lysing agent in a solution also containing the protease mixture Rhozyme 41 as a necessary complement. This solution lysed both erythrocytes and leukocytes and reduced the viscosity in preparation for membrane filtration. Although Triton X-100 was a practical lysing agent for this purpose, it was capable of reducing the numbers of Neisseria species, Streptococcus pneumoniae, and gram-negative anaerobes during blood lysis. Although Neisseria species are rarely recovered in blood cultures, the other two groups are present often enough to elicit concern about this reduction effect. A more benign lysing agent was found among the large group of anionic polyoxyethylene adducts. A number of these compounds were tested and were found to be superior to Triton X-100 and to the saponin, digitonin. Of these superior compounds, polyoxyethylene sorbitan monolaurate (Tween 20) proved nontoxic at a fairly high concentration (0.7%) and was substituted for Triton X-100 in the blood lysis-filtration solution (2) . In clinical trials (1) and in a bacteremic rabbit model (4) , this lysis-filtration system proved to be superior to conventional blood culture in the recovery of pathogenic bacteria.
To overcome the relatively high cost, in both materials and time requirements, of lysis filtration blood culture, a blood culture system was developed that incorporated blood lysis and culture in the same bottle. A total of 51 surfactants were studied.
MATERIALS AND METHODS
Nonionic surfactants. Nonionic surfactants were obtained from the Sigma Chemical Co., St. Louis, Mo. Some of the surfactants tested (Table 1) were supplied as aqueous slurries, but most were clear viscous liquids. The cetyl and stearyl polyoxyethylenes were white, odorless, waxy solids. All were sufficiently water soluble to allow both blood lysis and antibacterial testing at a 0.05% (vol/vol or wt/vol) concentration.
Blood lysis. Columbia broth (CB; BBL Microbiology Systems, Cockeysville, Md.) with 5% (vol/vol) human blood was dispensed in 10-ml volumes in screw-cap tubes (18 by 100 mm). To these was added 0.05% lysing agent. Lysis at 35°C was read at 24 h and was graded visually as +, for a tinge of red in the supernatant, through + + + +, for sparkling lysis. To check for lysis of leukocytes, Nomarski interference-contrast optics were used and Wright-stained smears were read.
Toxicity to bacteria. Escherichia coli, Staphylococcus aureus, Haemophilus influenzae, S. pneumoniae, and Neisseria meningitidis were used for toxicity testing. Suspensions were made in CB as previously described (2) , and an estimated 50 CFU/ml was drawn through a pipette into 10-ml volumes of mixed CB, 10% human blood, and 0.05% lysing agent. After 24 h of incubation at 35°C, 0.1 ml was spread by a sterile glass rod onto enriched Columbia agar with 5% horse blood. Absence of toxicity to the test organism with resulting growth was noted if either confluent growth or colonies too numerous to count were recorded after 24 h of incubation. Toxic quality was noted if the quantity of growth was less than that observed without the surfactant after repeated testing.
Blood cultures from bacteremic rabbits. Bacteremia induction in rabbits was designed to provide a minimal presence of bacteria, so that duplicate cultures of 0.1-, 0.5-, and 5.0-ml samples of blood provided a mix of negative and positive cultures (4) . This was usually achieved by injecting 106 CFU of the challenge organism. For the Isolator system, which required 7.5 ml of blood for culture, the remaining blood volume was made up by adding 7.4, 7.0, and 2.5 ml of outdated human blood bank blood. The specific instructions supplied by the manufacturer (Du Pont Co., Wilmington, Del.) were followed. The experimental lysis bottles contained 100 ml of CB with a 0.05% concentration of the surfactant, whether it was Tween 20 (T-20), Triton X-100, digitonin, or Brij 96. These and the conventional blood culture bottles (100 ml of CB) received 0.1, 0.5, and 5.0 ml of blood. Duplicate cultures were done for each blood volume; thus, six cultures per system were done from each bacteremic rabbit.
The organisms used to compare the new lysis system with the conventional and Isolator systems were, with the number of animals in parentheses, Candida albicans (3), Cory- (Table 3) .
Smaller numbers of animals were used in testing the three other surfactants. The results (Table 4) indicated that none performed as well as did Tween 20.
DISCUSSION
The new lysis system has the advantage of increased detection of blood pathogens but does not need processing beyond that required for conventional blood culture. The lysing solution previously described for a lysisfiltration technique (2) contained 0.7% Tween 20. Most bacteria of medical import were not inhibited at this concentration in a growth medium with lysed blood and grew normally. Species of Haemophilus and other genera grew more luxuriantly in this modified medium, because the surfactant and protease mixture (Rhozyme 41) acting together on the blood and peptone in the medium provided more nutrition than the base medium.
When the Tween 20 concentration was reduced to 0.05%, species of bacteria minimally susceptible to a 0.7% concentration (Neisseria species, S. pneumoniae, and Fusobacterium nucleatum) were no longer inhibited. Lysis was complete at this concentration but required overnight incubation.
Rhozyme 41, although an essential adjunct to the surfactant for faster lysis and particularly for filterability, was deleted in the new solution to provide longer shelf life and to avoid the necessity of an aseptic addition to complete the medium.
Other surfactants could substitute for Tween 20, although no other compound was as effective in the categories of lack 96, and 99, polyoxyethylene-10-tridecyl ether, and digitonin. We observed differences in viscosity, blood lysis, and bacterial toxicity between manufacturer's lots of Tween 20; therefore, it is essential to test each new lot for these parameters and to adjust the concentration. This stricture applies to any of the polyoxyethylene adducts.
Blood culture testing involved four different sets of rabbits: one set for each surfactant tested in the simplified lysis system. Differences in percent positive between these sets for any of the three blood culture systems have no significance, because there were wide variations in individual rabbit responses to bacterial challenge. Although useful data would have been obtained, it was not possible to test the four surfactants, the Isolator system, and conventional culture with blood from one animal, since approximately 80 ml of blood would be required, more than could routinely be obtained from a young New Zealand White rabbit.
The Isolator system and simplified blood culture expressed their advantage in detection of pathogens to a greater extent as the volume of blood cultured was reduced from 5.0 to 0.5 to 0.1 ml. As the probability of a positive response decreased, the lysis systems were clearly superior to conventional culture (Table 3 ). In the T-20 series, at a blood volume of 0.1 ml, with 116 blood culture bottles, 25 (22%) were judged positive by conventional culture, 35 (30%) were judged positive by Isolator culture, and 39 (34%) were judged positive by simplified lysis culture. At a blood volume of 5.0 ml, the difference between systems was insignificant, with 98 (84%) positive by conventional culture, 96 (83%) by Isolator culture, and 99 (85%) by the simplified lysis system. LITERATURE CITED
